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[57] ABSTRACT

There 1s disclosed a limited range, high-speed projectile
with a flat trajectory. The range is limited by control-
ling the air resistance of the projectile, so that the air
resistance increases markedly when the projectile speed
drops below a certain value.
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LIMITED-RANGE PROJECT ILE HAVING A FLAT
- TRAJECTORY

BACKGROUN_D OF THE INVENTION

With projectiles for combating armoured targets high
initial speed is required with a high flight velocity and
the capability of absorbing a high cross-sectional load
with minimum air resistance coefficient. Testing such
projectiles for development or training has to be per- 10
formed on rest ranges of limited size and this is made
difficult, as the range of the projectiles is considerable.
With only small barrel elevations and a flat flight path
ricohets may cover large distances beyond the test
range. This also applies to “misses.” 15

SUMMARY OF THE INVENTION

The invention relates to a projectile having a stabiliz-
ing tail portion through which air passes. The openings
in the tail form a supersonic diffuser with a ratio be- 20
tween the incident air flow or capture cross section and
the reduced or throat cross section such that above a
certain Mach number approach air flow is swallowed.
While below a certain critical Mach number a normal
compression shock wave is produced in front of the 25
diffuser, so that the approach air flow is no longer swal-
lowed with an accompanying increase in the coefficient
of resistance. -

BRIEF DESCRIPTION OF THE DRAWINGS 10

FIG. 1 shows a side view of a pro_lectlle accordlng to
the invention, showing the tail in section,

FIG. 2 shows a front view of the pro_]ectlle shown in
FIG. 1,

FIG. 3 shows a schematic view of an opening in the 35
tail section through which the air stream flows,

FIG. 4 shows a section view of the tail indicating the
air flow at speeds below the predetermlned transition
speed,

FIG. 5§ shows a graph indicating the dependence of 40
the air resistance coefﬁment of the prejeetlle as a func-
tion of speed, |

FIG. 6 shows a front view of another embodiment of
the invention and |

F1G. 7 shows a front view of another embodiment of 45
the invention.

DETAILED DESCRIPTION

In the embodiment of the invention shown in side and
front views in FIGS. 1 and 2, the sub-calibre projectile 50
body 3 has the usual arrow shaped form, and the tail
section 1 comprises a plurality of winglike members that
form channels to control air passage, thus retaining the
advantage of wing stabilization characteristic of prior-
art projectiles while incorporating the advantages of the 55
present invention. The limited-range feature of the in-
vention is provided by the structure of the wing mem-
bers or spokes 5.

Four of spokes 5 fasten tail 1 to body 3, and the other

eight spokes 5§ segment the tail into channels 6, which 60

are closed by cylinders 7 and 4, cylinder 7 extending
further toward the front than cylinder 4. Cylinders 7
and 4 are of generally uniform thickness with a.slight
taper to a knife-edge on the outside of the leading edge,
as shown in FIG. 1. Spokes §, as shown in detail in FIG. 65
3, which shows a section taken through one of channels
6, have a generally diamond-shaped cross section, with
an angle B on the leading edge forming a supersonic

2

diffusor. The area at the leading edge of channel 6 will
be known as the capture cross section, the area between
corners 11 of channel 6 will be known as the reduced
cross section, and the rear will be known as the exit
cross section. As air flows through channel 6 in the
direction of the arrow in FIG. 3 with a high approach
flow Mach number, the air flow is absorbed between
the wings §, and a system of compression shock waves

8 builds up in the flow. In a diffuser part 9 of the flow

channels 6 a low loss compression takes place, whilst in
a nozzle-shaped extension 10 a resistance-decreasing
expansion OCcurs.

The air resistance of the tail unit 1, through which the
air flows at high supersonic velocity, remains therefore
low.

The ratio of the reduced or throat cross section 11 to
the incident air flow or capture cross section and the
angle 3 determine lowest approach flow Mach number

“at which the resistance coefficient of the tail unit 1

remains low.

Supersonic flows in such supersonic diffuseres are
only stable however when the approach flow Mach
number for a certain ratio of the minimum cross section
to the interception cross section is sufficiently high.
With a correspondingly high Mach number, therefore,
the air flowing into the tail unit 1 will be swallowed.

If the flight speed of the projectile becomes slower
than the critical Mach number determined by the ratio
of the reduced cross section 11 to the capture cross
section and angle 8 the flow suddenly alters.

As shown in FIG. 4, a normal compression shock
wave 12 occurs in front of the tail unit 1. The air flow-
ing into the channels 6 between the wings 5 is no longer
swallowed by the throat 11 of the narrowest part.

As the approaching air can no longer pass through
the tail unit 1 at supersonic speed, a flow 13 bypasses the
tail unit 1. |

The dimensionless resistance coefficient Cw of the
annular tail unit 1 then rises suddenly (FIG. 5).

The effective area that resists the air flow and thus
exerts a braking effect in the projectile is proportional
to the square of the dimension of tail 1. The increase in
the resistance of the projectile is greater than in the
known types of projectile having a tubular bore as the
ratio of the cross section of the tail unit to that of the
projectile itself is greater.

The control of the relationship between air speed and
drag disclosed above acts to brake the projectile sud-
denly, when the speed of the projectile drops to the
predetermined value. In turn, the muzzle velocity of the
projectile may be preset so that the projectile will travel
a desired distance before the nonlinear braking effect
sets in. The result of these adjustments is a projectile
that travels at high speed within a desired range, and
thus reaches the target with the ability to have a large
impact, and which projectile also has the easy of aiming
afforded by a flat trajectory, but which projectile has a
limited range that can be considerably less than the
ranges of similar prior-art projectiles similar speeds and
trajectories.

It should be noted that cylinder 7 forms an annular
boundary layer deflector which ensures that, in the
projectile speed range above the change-over point, the
undesirably braked boundary layer on the projectile
body 3 will not pass into the channels 6 and result in any
undesirable effects. But for the sake of a simple tail
configuration cylinder 7 may be omitted.
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All these features of the invention may be provided

by other channel shapes:than the trapezmdal channel 6
shown in FIG. 2 FIG. 6 shows a front view of a projec-.

tile in which the tail comprises a plurality of tubular
members, and FIG. 7 shows a front view of a projectile
in which the tail and the individual channels are rectan-

gular. In all cases, channels 6, 6' and 6" must be con-

structed according to the invention: the stabilizing tail
- has channels causing at a certain flight Mach number a
choking of the initially supersonic flow through these

channels; the ratio of capture cross section to reduced

cross section and the leading edge angle must be se-
lected so that high-speed flow is smooth and so. that
there is a transition to the high-resistance low-flow
configuration at a predetermined critical flight speed.
Although the invention is illustrated and described
with reference to a plurality of preferred embodiments
thereof, it is to be expressly understood that it is in no
way limited to the disclosure of such a plurality of pre-
ferred embodiments, but is capable of numerous modifi-
cations within the scope of the appended clalms
What is claimed 1s: o
1. A supersonic projectile having a velocity depen-
dent resistance to air flowing therepast, comprising a
body having a front portion and a rear portion forming
a stabilizing tail unit, and means for channeling air flow-
ing past said body so that said flowing air travels
smoothly through said channellng means when the
velocity of said flowing air relative to said body is
greater than a predetermined value, and so that said
channeling means are choked when said relative veloc-
ity is less than said predetermined value, said channeling
means comprises a plurality of channels passing there-
through, said channels being positioned about said rear
portion of said body forming a stablllzmg tail unit, each
of said channels having a front opening toward said
front portion of said pro_]ectlle determining a capture
cross section, and a rear opening positioned toward said
rear portion of said projectile determining an exit cross
section, and at least one wall of variable thickness form-
ing said channel by connecting said front opening and
said rear opening, which wall of variable thickness is so
constructed that an area of reduced cross section is
formed between said front opening and said rear open-

10

15

20

3

iig, whereby the value of said velocity dependent air

-resistance is substantially greater when said velocity 1s

less than said predetermined value than when said ve-
locny is greater than said predetermmed value, thereby
air flowing from said front opening through said chan-
neling means and out said rear portion is compressed

while passing through said channeling means, this com-
pression being connected with an energy loss, serving

~ to control the velocity dependence of the air resistance

of the projectile.
2. A projectile according to claim 1, in which said

walls of variable thickness have a leading edge tapering
toward said first openmg, whereby a leading angle of
predetermmed value is formed.

3. A pro_lectlle according to claim 2, in which said
walls of varying thickness have a tapered trailing edge

at said rear opening.
4. A projectile. accordlng to clalm 3, in which said

channeling comprises at least two concentric arrays of
channels disposed at different distances from said body,

- the mnnermost of said arrays having a distance from

25

30

35

front opening to rear opening greater than the corre-
sponding distance in the other of said at least two ar-
rays.

S. A pro_lectlle to claim 3, in which said channeling
means comprises a plurahty of channels havmg circular
Cross section.

6. A projectile according to claim 3, in which said
channeling means comprises a plurality of channels
having trapezoidal cross section.

1. A projectile accordlng to claim 3, in which said
channeling means comprises a plurality of channels
having rectangular cross section.

8. A projectile according to claim 4, in which said
channeling means comprises a plurality of channels

. having a circular cross section.

45

50
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9. A projectile according to claim 4, in which said
channeling means comprises a plurality of channels
having trapezoidal cross section.

- 10. A projectile according to claim 4, in which said
channelmg means comprises a plurality of channels

having rectangular cross section.
* ¥ Xx ¥ X
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